Abstract. liquefied natural gas is a clean energy, and also contains a large amount of cold energy, our country has put forward to promote the use of LNG as power fuel, at present, refrigeration device was installed on the trawler; But the energy consumption of the refrigeration unit accounts for 30%~40% of the total energy consumption of the fishing fleet. Considering the existing equipment with 80% natural gas replacement of fuel oil for the practical one fishing boats. A new type plant of cold energy utilization method, which can produce both cold water and electricity, is put forward. The results of the system analysis show that the fuel cost is 610,000 yuan per year and the cold seawater 36.2 tons is produced and annual operation cost of RMB 365,000 is savings. All results show that the hybrid fishing boats rational utilization of LNG cold energy can be significant energy saving.
Introduction
Fishing vessel is an important part of cold chain logistics. By the end of 2011, there were more than 60 ten thousand mobile fishing boats in China, with a total power exceeding 6 million kw, The energy consumption of the power unit of fishing vessels accounts for 66% of the fishery energy consumption, and the fuel cost accounts for 60% ~70% of the fishing costs [5, 6] . The application of fishing boat diesel engine in China has many problems, such as serious aging phenomenon, high energy consumption and serious emission pollution. In response to these circumstances, the Ministry of agriculture proposes that fishing boats will promote the use of liquefied natural gas. At present, China has developed a diesel/natural gas mixing device suitable for fishing vessels. The utility model can reduce the harmful gas emission of fishing boats and reduce the overall fuel cost by more than 20%. As the L N G of fishing vessel fuel, its storage temperature is -162 ˚C, and the intake temperature of the engine is 10 ~40 ˚C. The cooling capacity of 830~ 860 M J will be released during the L N G gasification process per ton. At the same time, the energy consumption of the fishing boat refrigeration system accounts for 30%. ~40% of the total energy consumption [7] . Therefore, It is important that The combined refrigeration system and LNG cold energy recovery of a diesel/natural gas blended fishing vessel is preliminary redesigned and analyzed.
Energy Consumption and Refrigeration System Analysis of Fishing Vessels Energy Consumption of 50m Fishing Vessels
The ship is a steel single deck fishing vessel with a total length of 50m, width of 8m, type depth of 4.2m, design draft of 36 m, and displacement of 760t. The power configuration of the fishing boat is composed of one power master with 706 kW, two power 500kW and one power 300 kW diesel engine. The annual fuel consumption is as follows: η
.where m stand for annual fuel consumption, unit kg. W is the host power, unit kw. ƞ is fuel consumption coefficient; its expression is λ η 
Fuel Substitution Analysis
The diesel/natural gas dual fuel vessel engine can use either diesel oil as fuel or natural gas as fuel or mixed fuel. The working capacity of 1Nm3 natural gas is greater than that of 0.7 k g diesel oil and LNG per ton can substitute for 0.92t diesel oil. In the 2.1 section, it has been calculated that the selected fishing boats need to consume 1.7t of diesel oil a day, and the annual fuel consumption is 486t. According to the natural gas displacement rate of 80%, the vessel can be replaced by 1.5t LNG every day, and 427 t LNG can be used instead of 388t diesel oil annually. With the use of L N G instead of diesel, the ship can save about $610 thousand a year. Operating costs are significantly reduced.
Refrigeration System of Fishing Vessel
The process of seafood handling for the selected fishing vessel is: cold sea water preservation, freezing and cold storage. The refrigeration system of fishing vessels is shown in Table 1 
Cold Capacity Analysis Implied in LNG
Due to the large amount of seafood captured, the design capacity of the freezing plant is limited. Therefore, marine seafood should be treated by cold sea water before freezing. As shown in Table 1 , the cooled seawater system requires more than half the total refrigerating capacity of the ship. Cold seawater temperature is in range of -3˚C~0˚C, and LNG storage temperature is -162 ˚C, so it is easy to produce cooled seawater. Assuming that LNG is composed of pure methane, the pure methane in the liquid storage tank is -141.8 ˚C, and the pressure is 0.4 MPa.. The intake temperature of the engine is 10 ˚C~40 ˚C, Therefore, the LNG vaporization process consists of two heat exchange processes:phase transition and superheating, and the exchange temperature difference is170℃~200℃.The latent heat of vaporization of LNG is 525.4kJ/kg. The specific heat capacity of 2.14 kJ/ (kg C). The refrigerating capacity available per kilogram of LNG can be calculated as ( )
,where t is LNG vaporization of natural gas temperature, Taking the intake natural gas temperature of the engine, t=20 ℃.Q=872kJ/kg is obtained
Energy Saving Analysis of Cold Energy Utilization of Fishing Vessels

LNG Cold Energy Utilization Scheme
For hybrid trawler, a sea water needs to be cooled, while LNG needs endothermic gasification. If heat engine should be installed between seawater and LNG vaporizer. that is to say, seawater is served as high temperature heat source of the Rankine cycle, while LNG gasification process as low temperature heat source. The working medium absorbs heat from the sea water, does the work in the turbine, and then is condensed with LNG cold energy. In this way, the heat engine can meet the two requirements of fishing boats. At the same time, the output power is used for refrigeration. According to this idea, the making cold sea water system utilizing the cold energy for fishing boats is shown in Figure. 
Selection of System Parameters and Working Fluids
The LNG hybrid fishing boat with fuel consumption of 125kg/h is taken as the object of study. LNG is gasified from saturated liquid (0.7MPa,141.72K) to superheated gas (0.7MPa, 293.15K). The production of cold water fishing (-5 ~0 ºC) in EX5. Ethylene is selected as a circulating refrigerant in Rankine cycle. R22 serves as refrigerant insingle stage refrigeration cycle. ethylene glycol act as coolant between EX2, EX4 and EX5,while ethylene glycol is high temperature heat source of the organic Rankine cycle and the low temperature side is the process temperature rising and gasification of LNG.In the single-stage refrigeration cycle, the high temperature side is sea water, and the low temperature side is ethylene glycol. Ambient temperature is 25 ºC. In the heat exchanger and temperature difference between hot and cold fluid medium is 5 ºC. In EX2, EX4 , evaporation temperature is-10ºC,and condensation temperature is-120 ºC in EX1.
Thermodynamic Analysis of Cold Energy Utilization
According to the first law of thermodynamics, the energy balance equations are written for EX1~EX5 respectively.
where 
Cold seawater flow rate is obtained 
The cold water should be produced by the proposal of the scheme is 36.2 tons, while only 10.57 tons be produced by the direct use of cold energy of LNG. The former is 3.42 times as much as the latter.
According to the calculation, the total installed capacity of the compressor used for cold sea water is 208KW, and the power of two pumps is 11kw/ units. It runs 8 hours at full load every day, and the total cooling capacity is 208× 8 ×3600=5990.4kw. Reasonable use of cold energy can reduce the compressor running time of 60%, about 5.5 hours. Cold sea water refrigeration compressor is equipped with two 55kW motors. The cost of electricity is 1.8 yuan according to the fishing vessel. Every day can save electricity (55+11) × 2 × 5.5 × 1.8=1306 yuan. Costs can be reduced by $365 thousand per year.
Conclusion
Through the above calculation, it is obvious that the application of LNG in fishing boats has remarkable effect, which can be summarized as follows:
1) Using LNG instead of the 80% diesel, the fishing boat can save fuel costs of 610 thousand yuan per year, which has a significant cost advantage;
2) Recycling LNG cold capacity can make about 36.2t micro frozen cold seawater every day, cold sea water refrigeration system can be reduced by 5.5 hours per day, 1308 yuan per day, the annual reduction of 365 thousand yuan operating costs. Energy saving effect.
